Methods. We used domestic pigs from a slaughterhouse and analyzed the EVLP system. After 20-min warm ischemia and 6-h cold ischemia, EVLP was performed for 2 h. Pig heart-lung blocks were classified into the PX (n = 5) and ET-K (n = 5) groups depending on the flush and cold preservation solution. At the beginning, we discarded the first 100 ml of effluent in the PX group and the first 200 ml in the ET-K group. Pulmonary physiological data and potassium levels were measured.
Text Introduction
In 2000, Steen et al. established an ex vivo lung-perfusion (EVLP) circuit before performing lung transplantation for the evaluation of the organ from donors after cardiac death. 1 Recently, Sweden group has also reported a series of successful lung transplants of initially rejected donor organs after reconditioning with an EVLP circuit. 2 Hence, the EVLP system may be a key method for evaluating rejected organs from brain-dead donors and donors after cardiac death; this may help increase the potential donor organ supply. As a standard setting for EVLP, Perfadex with a potassium concentration of 6 mEq/L has usually been used as the flush and preservation solution along with the STEEN solution as the perfusate. 3 There are extremely few studies that have reported the use of a different preservation solution in an EVLP setting. Inci et al. recently performed a study using saline and Perfadex as preservation solutions and found that Perfadex was significantly more efficient for lung preservation. 4 In a previous study, we originally developed an extracellular-type (ET) The aim of this study is to confirm the feasibility of using the ET-Kyoto solution as a flush and preservation solution for lungs in the EVLP setting.
Materials and methods

Preliminary experiment
A subgroup, namely, ET-K100 (n = 2), was investigated at first. The ET-Kyoto solution (Table 1) was used as the lung flush and preservation solution, and the first 100 mL of the effluent was discarded. The blocks were evaluated in EVLP for 2 h as described below.
Experimental design
Heart-lung blocks were classified into the following 2 groups that differed in terms of the composition of the flush and preservation solution and the volume of effluent discarded at the beginning of circulation (Table 2) : (1) 3 the Perfadex (PX) group (n = 5) in which Perfadex ® (Vitrolife AB, Göteborg, Sweden) was used as the lung flush and preservation solution and the first 100 mL of the effluent was discarded and (2) the ET-Kyoto (ET-K) group ( (n = 5) in which the ET-Kyoto solution was used as the lung flush and preservation solution and the first 200 mL of the effluent was discarded. After 20 min of warm ischemia and 6 h of cold ischemia, the blocks were evaluated in EVLP for 2 h as described below.
Pig heart-lung block and Ex vivo lung perfusion circuit
Heart-lung blocks of domestic pigs (average weight, 115 kg) were obtained from a local slaughterhouse as previously described. 10 Briefly, the pigs were sacrificed by exsanguination. Blood was collected and preserved at 4°C. We flushed 1 of the following 2 solutions antegradely through the pulmonary artery (PA): 2.0 L Perfadex ® at 4°C that was supplemented with 10,000 IU heparin and 0.6 ml THAM set (Otsuka Pharmaceutical Factory Inc., Tokushima, Japan) or 2.0 L ET-Kyoto solution at 4°C that contained 10,000 IU heparin. They were soaked in cold
Perfadex or ET-Kyoto solution and preserved for 6 h at 4°C. The EVLP circuit consisted of a hard-shell reservoir, a centrifugal pump, an artificial lung connected to a heat exchanger and gas supply, and a leukocyte/arterial filter (Fig 1) , as previously reported. 10 The priming solution contained 2.0 L STEEN solution ™ (Vitrolife AB, Göteborg, Sweden), concentrated autologous red blood cells, 500 mg imipenem, 10,000 IU heparin, THAM set, and 20 U insulin. The gas to the artificial lung was changed to N 2 93% and CO 2 7% to deoxygenate the perfusate. When the temperature of LA reached 37°C, the flow was increased step by step and finally set to 5.0 L/min. Within first 50 min, the flow reached to final flow. Perfusion at 5.0 L/min was continued for 2 h , as previously reported 10 .
Ex vivo lung perfusion
Measurement of potassium levels in the effluents and perfusates
At the start of perfusion, the effluent from the LA was collected in fractions in 50-ml Falcon tubes. Furthermore, at 1 h and 2 h after perfusion, the perfusates were obtained, and their potassium levels were measured.
Analysis of donor lungs and Statistics 4
The hematocrit level and blood gases of the perfusate into and out of the lung were analyzed at 10 min after the required final flow was achieved. The data obtained were used to calculate the intrapulmonary shunt fraction as previously described. 10 The Pulmonary vascular resistance was calculated as (mean pulmonary artery pressuremean left atrial pressure) × 80/ perfusion flow (L/min). The PA pressure, LA pressure, and perfusion flow were monitored at all times. After perfusion, histological examination of the lungs was performed. The lungs were then immersed in 10% formalin, embedded in paraffin, and stained with hematoxylin and eosin. Statistical analyses were performed using Student's unpaired t test. The values are the means ± SEM. P < 0.05 was considered statistically significant.
Results
Preliminary experiment in the ET-K 100 subgroup
As shown in Table 3 , the average potassium level in the first 50-ml aliquot of effluent and the subsequent 50-ml aliquot was 34.2 ± 2.0 and 19.9 ± 0.8 mEq/L, respectively, in the ET-K 100 subgroup. The potassium levels of the perfusate at 1 and 2 h were 6.1 ± 0.7 and 6.7 ± 0.6 mEq/L, respectively. The PA pressure was as high as 20 mm Hg and was maintained at that value for 2 h; the final flow was < 5.0 L/min (i.e., 2.5 L/min and 4.3 L/min).
Potassium level in the first aliquot of effluent from the pulmonary vein (PV) and in the perfusates
As shown in Table 3 , the average potassium level in the first 50-ml aliquot of effluent and the subsequent 50-ml aliquot was 13.9 ± 0.5 and 9.2 ± 1.1 mEq/L, respectively, in the PX group. In the ET-K group, the potassium levels in the third and fourth 50-ml aliquots were 12.7 ± 0.7 and 10.4 ± 0.5 mEq/L, respectively; these values are similar to those in the case of the first and second 50-ml aliquots in the PX group. The potassium levels of the perfusate at 1 and 2 h were 4.4 ± 0.2 and 4.2 ± 0.1 mEq/L, respectively, in the PX group, and 5.3 ± 0.1 and 5.8 ± 0.2 mEq/L, respectively, in the ET-K group.
Ex vivo evaluation of lung functions
In the 10 cases analyzed in this study, the average weight of the heart-lung blocks was 1.5 ± 0.1 kg in the PX group and 1.5 ± 0.1 kg in the ET-K group and did not significantly differ between the 2 groups (P = 0.95). As shown in Table 4 , there was no significant difference between the PX group and the ET-K group with respect to the total flow (4.9 ± 0.1 vs. 5.0 ± 0.0 L/min, P = 0.34), the PA pressure (13.6 ± 1.9 vs. 14.6 ± 1.5 mm Hg, P = 0.69), pulmonary artery vascular resistance (198.8 ± 36.3 and 228.8 ± 20.5 dyne·sec·cm5 ± 11 vs. 442 ± 21 mm Hg, P = 0.24), and shunt fraction (21.6% ± 3.8 and 24.3% ± 3.0%, P = 0.60).
Histological findings in the lungs after reperfusion
In all the studied specimens, no significant findings were observed in the pulmonary architecture, including the pulmonary vessels, or in the alveolar and bronchial architecture.
Discussion
In the present study, the potassium level in the ET-K 100 subgroup was as high as 19.9 ± 0.8 mEq/L after discarding 100 mL of the effluent with a high PA pressure of 20 mm Hg. On the other hand, in the ET-K group, the potassium level was low, i.e., 10.4 ± 0.5 mEq/L, after discarding 200 ml without any change in the PA pressure; further, the potassium level was 5.3 and 5.8 mEq/L at 1 and 2 h of perfusion. It can be speculated that in the ET-K 100 subgroup, hyperkalemia (potassium levels, 6.1 and 6.7 mEq/L) of the perfusate increased the PA pressure in the EVLP circuit. Although the potassium levels (5.3 and 5.8 mEq/L) of the perfusates in the ET-K group were slightly higher than those in the PX group (4.4 and 4.2 mEq/L) at 1 and 2 h, discarding more than 200 mL of effluent may not significantly reduce the potassium level in the perfusate and may easily reduce the volume of the perfusate in the circulation. Furthermore, it must be noted that some mixtures containing high potassium levels can lead to vasoconstriction during EVLP, and that in some clinical situations, certain preservation solutions (e.g., the UW, Euro-Collins, and ET-Kyoto solutions containing 125, 115, and 44 mEq/L potassium, respectively) and concentrated red blood cells may act as sources of potassium, as was observed in the ET-K 100 subgroup.
Originally, the Steen solution may have been used in combination with Perfadex as the flush and preservation solution. The use of the ET-Kyoto solution as a flush and preservation solution in EVLP may lead to several problems other than an elevated level of potassium. The normal volume of the vascular bed in the human lung is 70 ml at rest and 200 ml during exercise. 11 Moreover, the size of the pig lungs used in this study was almost the same as that of an adult human lung. Approximately more than 50% of the ET-Kyoto solution was washed out from the pulmonary vascular beds when the first 200 ml of effluent was discarded. In the present study, we found that a mixture containing a small volume of the ET-Kyoto solution, 2 L STEEN solution, and concentrated red blood cells can be safely used in an EVLP setting. Further, the PX and ET-K groups did not differ in terms of physiological and pathological results.
First limitation of our study was that the harvest procedure was a little different from the standard method, 6 because the warm ischemic time was only 20 min and no retrograde flush was used. Therefore, the warm ischemic time should be increased, i.e., up to 1 or 2 h in addition to a retrograde flush, for simulating the donor lung after cardiac death for further investigation. Secondly, this study may have uneven comparison between Perfadex group and ET-K group because 100 ml was discarded in Perfadex, while 200 ml in ET-K group. However, it was an essential procedure for reducing potassium level in ET-K group and the volume of possible toxic substances in the discarded efferents can be minute due to its short warm ischemia time and its difference can be ignored in this study.
In conclusion, we have demonstrated that the use of the ET-Kyoto solution containing 44 mEq/L potassium as a flush and preservation solution in the pig EVLP system was as effective as the use of the Perfadex solution.
However, it is important to discard the initial 200 ml of effluent in order to prevent an increase in the potassium level in the EVLP setting. Tables   Table 1. Composition of the lung preservation solutions In Perfadex and ET-K 100 groups, first 100 ml of flushed fluid was discarded, while first 200ml was disposed in ET-K group. 
